Day 2 – Coal in Pennsylvania Lesson Plan


Discussion of the Distribution of Coal in PA
Developed by 2008-2009 TESSE Graduate Fellows from Penn State University (www.tinyurl.com/tessedissemination) 
Objectives:

Students will:

1. Use a map to determine which ranks of coal are present in PA as well as how coal resources are distributed throughout the state.  

2. Utilize the their newly gained knowledge on coalification as well as shaded relief and physiographic province maps of PA to come to an understanding of the impact of mountain building on coalification and to explain how it controls the geographic distribution of bituminous and anthracite coal in the state. 

3. Review key geologic and geographic concepts such as latitude and longitude, mountain building, and geologic time, as well as locate mountainous regions of PA (Appalachian and Allegheny Mountains)

Materials:

· Distribution of Coal in PA Map and Transparency
· Transparency Markers
· PA digital shaded relief map 
· PA physiographic province map
· Coal in PA worksheet
· Coal in PA Power Point
· Animation or figures showing collision of Africa and North America leading to the formation of the Appalachians
· Photos showing bituminous coal seams in western PA and anthracite coal seams in folded rock layers in eastern PA 
Assessment:

· If desired, a small writing assigment can be given that reviews material and concepts learned in day 1 of the module.
· Role Playing Writing Assignment: “You have been hired during the turn of the 20th century by a company that is interested in obtaining coal with the highest heating values in both western (W of 76( long) and eastern (E of 76( long) Pennsylvania.  They assign you to the task of determining which western and which eastern counties contain the greatest amounts of higher-ranking coal.  Write a short report for your boss that names the types of coal that should be mined, which counties would be most profitable for exploration of these resources, and the geologic reason why the higher-ranking coals exist in these specific regions.”
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This discussion follows the Coal Identification activity from Day 1.  The teacher will lead the students in a discussion of coal resources in PA.

1. Distribute the Distribution of Coal in PA map to the students.  Have a large copy of the map at the front of the classroom or display it on the Coal in PA PowerPoint.  Break the students up into small groups.  Have each group write a list of observations about the types of coal present, the distribution of coal (in general and based on rank), and any other trends they see.  At this point, they are merely observing and not yet making any interpretations.  When they are finished, ask each group in turn to name one observation until all of them have been covered.  Write the observations on the board to keep track.  Tell the students that you will now work together to explain the distribution of coal in PA and any other questions about the map they may have.  

2.  Ask the students questions that address specific observations they made from the coal map.  Guide them to the correct answers by asking follow-up questions to their answers when necessary.  The following 5 questions are included on slides in the Coal in PA PowerPoint.

· Q:  Which type of coal is found in our county (or another specific county)?
· Q:  Does it surprise you that there are large parts of the state that do not have coal reserves? Why do you suppose this is the case?

A:  Pennsylvania only spreads a couple of degrees of latitude (review latitude and 
longitude) so one would not expect a lot of variation in climate from north to south 
in the state like we see in California or from Canada to Florida for example.  
Therefore, it is not likely that variations in climate and environment of PA caused 
coal to form in some locations and not in others.  The blank regions on the map do 
not seem to show a correlation with latitude anyway.  Explain that much of PA was 
covered by coal bearing rocks at one time.  However, erosion has removed many of 
these layers in certain regions of the state.  The map shows coal reserves that are 
currently present in PA.
· Q:  Do you think the coal in one region of the state is significantly older than that in the 
other regions?  

            A:  The students may answer that the anthracite coal in eastern PA is the oldest because 

the passage of more time would allow the coal to experience greater burial and 


further coalification.  While it is true that coal increases in rank over geologic time, 



ask the students if the anthracite coal has to be older than the bituminous coal to the 



west.  

· Q:  Explain that the coal in western PA is roughly the same age as the coal in eastern 
PA, yet one region is of a higher rank.  How is this possible?


      A:  Ask the students what other factors are important in increasing the rank of coal.  As 



the coal is buried further within the earth, temperature and pressure increase, 



driving the coalification.  Temperature is the most important mechanism because



higher temperatures decrease moisture and volatile elements, which leads to higher



ranking coals that have higher heat (calorific) values.  Usually, high temperatures



correlate to greater depths within the earth, but other circumstances, such as close



proximity to a volcano, could produce high temps without deep burial.



Although deeper burial and thus higher temperatures, implies an older age, coals of 

roughly the same geologic age can vary dramatically in rank.  We can reason then 

that the burial depth, temperature and pressure in eastern PA must have been


            greater than in western PA. 

· Q:  Why might the coal in eastern PA have been subjected to greater burial depth and 
higher temperature? 

3.  Let the students offer potential explanations then distribute the physiographic province and shaded relief maps.  These maps show the locations of the Appalachian and Allegheny Mountains as well as the county boundaries.  The following questions can either be discussed as a class or the students can first discuss the questions in small groups by using the Coal in PA Worksheet.
· Q (also found on Coal in PA Worksheet):

1.  Using the Pennsylvania coal map, the digital shaded relief map, and the physiographic provinces map, describe the terrain in the coal bearing areas of western and eastern Pennsylvania.  Is it consistent across the state, or does it vary?

2. What are the main types of geologic features present in the coal-bearing regions?  Describe the locations of these features.  What are their specific names?

3. Draw the boundaries of any important geologic features from the physiographic province and relief maps on the coal distribution map.  Do you notice any relationships between geologic features and ranks of coal?  

4. How might the formation of the geologic features you identified influence the process of coalification?

5. Have a student draw the boundaries of important geologic features on the Distribution of Coal in PA Map Transparency to aid in the class discussion.  You may also want to show the digital overlay of the Distribution of Coal in PA Map on PA Digital Shaded Relief Map from slide 8 of the Coal in PA Power Point to highlight the relationship between mountain building and coalification.  Lead the students in a class discussion of the Coal in PA Worksheet questions they answered in their small groups. 

· A:  Anthracite coal in eastern PA was formed as the organic material was subjected to 
great burial depths and high temperatures during the building of the Appalachian 
Mountains in the late Paleozoic.  Over 300 million years ago, Africa collided into 
North America.  The sedimentary layers of the continent (containing the dead plant 
material) were forced deep into the earth and then compressed into folds.  Erosion of 
the mountains piled more sediment onto the region, compressing the layers further.  
As temperature and pressure increased, the coal increased in rank.  The coal 
maintained the rank it achieved at its maximum temperature and pressure; it does 
not decrease in rank when if it is uplifted to the surface by tectonic activity or if 
overlying rock is eroded.



Coal in western PA is bituminous; the swampy plants were further from the 


mountain building in the east and were therefore subjected to lesser burial depths, 


little to no mountain building and folding.


At this point, the teacher should show illustrations or an animation of the collision


between Africa and North America that led to the formation of the Appalachians.  


This would also be a good time to show images of in-situ bituminous and anthracite 
coal in PA.  Anthracite is usually found in folded layers of rock.  These images can 
be found  in the Coal in PA PowerPoint.

The students may also point out that the higher-ranking bituminous coal in western 


PA is correlated with the Allegheny Mountains, which is a mountainous region that


is part of the Appalachian Mountain Range but is considerably smaller than the 
main stretch of the Appalachians.
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